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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a bridge circuit magnetic 
field sensor utilizing an SV sensor. 

SOLUTION: This sensor is provided with a substrate, First, second, 
third, and fourth spin valve elements A to D, and a conductor which 
is formed on the substrate and is mutually connected with the four 
elements A to D. The elements A to D are respectively provided 
with a free ferromagnetic layer 36 that has a proper magnetizing 
axis when no magnetic field is applied, a non-magnetic spacer layer 
37 adjacent to the layer 36, and a pinning ferromagnetic layer 39 
adjacent to the layer 37. The magnetizing axis is pinned at a certain 
angle to the proper magnetizing axis of the layer 36, and four 
magnetizing axes of four free layers are parallel to each other 
substantially, the four magnetizing axes of four pinning layers 39 are 
parallel or inversely parallel to each other substantially. 
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(54) ixmv&m 7Vy&wKMmt>v— 



(57) [#fFfi*<OKffl] 
J6C0^!) -y v?lslK^#-fe Vt-t-fcot, 
StJieg4£±(;:0>&£;ft,fcS? 1 ^J^iLfB 4 <D* Yt>s<ju7 
SfTf?g*g H'flgfifc A *L R ofitrf Hg? 1 KTJgfg 2 (P^ fc°>v< 



mip.arti<?wi«w=iB(o «mp.»^L^ «<ir:mA. mmmc 
Wics^«cjS»sptT-c*>o. tfnp. «3»rjt«4<o^ew< 
fitness i coasmffcii^m-rs* e-w^y^^-romic 



^1^^3017661^- 



COX f >-/</W^ifS^«7>B()roJS^ y - Kit, miir-y hco 
y - KSrJFM U^elIES? 1 &nm 3 cox ty/<Sy^ 

jf^-cofa coarr- y — k . 3£i^«na*2ii£jB4o^br 
^^juym^^mcDffi? y - Kta. «2t^ h coas^ y 

mJlEf? 2 Watmfffi^HufSir >~y-— co®if^(;iiifjfEx fc° 
v^/i-T'lSt^-cotufS f vih fe&i&'ttS <DMit?)3}fa £R 
&5@;£SMcoe^<0/cy>tCittjfEx t'v^/u^sH^HS: 

mx ^ix. ^irffriEfli-fr-y hcoa^y- RcoffltcjS 

« £ixtz-WM*m x. . MIBUS 2 -fe -y K cOiBST- y - KcoF^ 

^%nm\^m^-r x *> \z Lfc. ft *n i tctp.g?^ 

itmm 3 ] flfifam i 3 cox b-^/i^ami. 

m± <htt. z <^izmmm i ± -y koss^ y - b°<vmic& 
m.£i%tzw.m.*m * . flfrtsm 2 -fe -y k cosa?- y - y?(pm 

^a^Efe4»co^iRoo%i|^ffirfr^i-,t 5 lz l.fr. It^Jt 

;<juym+<o&m<Dx ^^^^m^-nm^y^—^ -y 

& ay ^±r±g.m»ft & s & 5 i^Jiffli£^±KMfii^ 
zm.mzmm±£.mRZw}§zmft± v-y— x*-tr >-x-r s 

--y^-isa^Bfca- fg^rii ^feifecos&B-fev-y- 



#>co^y -y^B^^^-fe-^-y— T-fooT. 



m i cox t°>/<^^ag^»^ ixyix^?,^-r^m i co 

ifHExb°>v^;7'gj^-co£.^ (a) ^-W-^^pjsix 
ff^»^Ll ^k$il l »»i-?,^a^^^, (b) m 

^m^mmizmm±siMmi±^<=±m, (c> 

ic . Ms?. b° v i h frfamftm tc»j# l | o^ftfei-a sMm 
<><Dmm\i°>±frtemKm<7)mfr.<D*faymwfriz&* 

ffliE^ i Pilau mm±3iZ: \?>^<skzm±0mi± 

&A>ftfc®k+ 'J - K»»L. Bfit?.^ 1 ^r5^ 2 <73X if> 
/^7-jS^coP^cog^-y- k. afet/^miiEm3^r/m4 
cox e^^/u^^^copjco ^ y - Ktt. HfrtP.gM»^ 
^5fcfecotfifE-fe^»-coA^y-K»M5feu. afigp. 
m i ^r>-^ 3 co* e^</u^^^<op^co^ y - k. ^ 

I/(CBtifE^ 2StfS4g>7 fc°>-^^7^cOP a 1coa^ U 
-Ktt. tfilP.-irV^-com^ 'J- K»ffgBfeL. 
tffE«2g>yt««ett. ftfilS-trV-y— co^tftt-sfriE^t:' 
^<^^^cotfitBfc°Vilife^tt)Sc0^cO/7fei»^ 

[«^COI¥«ffl/£tftBJ] 
[0 0 0 1 ] 

^y v'lsISSco^lgfetCM^-lrv-y— 3^^Srffl^?.^# 

-tr^-y-^icsi-So 

[0 0 0 2] 

[^^fliftLintsisl ^#-fe>-y— «y =r 

urmig$ixjS:< ffiffl^ix-cv^, loco— 
-t>-y-— (i*— /I'Mci^'^t ioo^iooo^^xt 1 - ^ 

K(Oe) CO®HF*9CO^#CO-fe>-X(^ffll,Mbn-5o tj^l 

oco-®6<j^^#-fe>-y— i±^f*xi±!i<Kt±frW(- 

felt ^>^St}g^rL(MR)^a^:(^S-5C^T/J^ ^ ^^^xt/*- 



(2) 



#Wfg30 17061 



[0 0 0 3] il^MRIr^l?— (4. -fc ^JgfittDrit 

[0 0 0 4] AMR TOfo< bfttcmm.y'v y&m 

i4, *5«fc«£50 0e*»O«*S:-feV^-r5«#-feV9— 
i^*ffi^5«#tyf- (O0ij75S*S4#ffB5, 247,278 

V7"y y^ElBOtp lo<£)#ijl4, IEEE transactions 
on Magnetics, Vol. MAG-6, November 1976, pp. 813-81 

[0 0 0 5] g*tt4ti&&L(GIIR) tm$tlZ>. SiCfC 

£ c gmr ofii?^«Httt, &&m&&mmiz±*)ftm£ 

fl^^^7A, Fe/Cr x Co/Cu Xf4Co/Ru# 

C£-££ 0 r (7)J: 9 ic, ttttiftaj&ffitttttt&Jlottfb 

gmr (»mm*#m&&mx^-- j v-mx*ftM£titz2<><D 

«5S-T?I4, 8S3*i8ttJS^> l o(7)ffiWt°>±fe^ii6o 
tfVJh»tt, tr^±*S*L5»«tt»Srft-^^^> (F 
e-Mn) li:Wf S *T 2ooi«r»»*t5 r 1 1: i 

-rs* ^wvi-:/(sv)ir As»e>n5o 

5, 206, 590 *Htt»f4**WfcSV-fe £|IB* l*Ct N 

5 Q *H4#fF^5, 159, 513 ^W«B»rt, 3S«f£Jitf>;i>fc 
< ttl 0^3/^ hXlia^ h£-&T$>9 . -t IT 
t e >±^^attS^S3ta^i^^-r 5 r i tc J: 9 * 

*|fij*sSvMc«ia»ii:(c|IH*SiX'5, sv-fc^-fr— STUB** 
Ltl^e *IS4*«F^5. 341, 261 *WiBB» 



*-rssv-fe>"»— «rBB*LTv^ Q *fciEi»Mfci'*# 
^jh»»«ttJB<&«{b^*fta*« #7 w — K^¥tT 

!if£{4 Heim et al, "Design and Operation of Spin-V 
alve Sensors", IEEE Transactions on Magnetics, Vo 
1.30, No. 2, March 1994, pp. 316-321 (ClE^ £ ixT V > 

[0 0 0 6] K#ir ]) y v*E18&-C<£>GMR 

GDfi^fi Daughton etal, "GMR Materials for Low Fie 
Id Applications", IEEE Transactions on Magnetics, 
Vol.29, No. 6, November 1993, pp. 2705-2710 

fiT^So Stt#BBX»f4, tr>\ih»$ixfcGMR «5g 

[0007] *5iW^oaM*iSe*^AMR tyf-iH 
t* CftfcSVir >"9—<Di9E.m$:mmirZ>7 V y ^@»«» 

[0 0 0 8] 

te, 2oosv*^rt^bf^jji^JBoK{b^^r^^flb^2 

o^SV*^rt<Otf^Jh»Ji^«{b^*l^fcifiW^*S 
^jfco^ib^^^^iS^i-S^i-^^^i-^^, -fVy 

[0 0 0 9] 

[«WO*»^*18] HI 1 tt4 00*J*(OSV* : T-A > B, 

CRVD^*^- hxhyyy 5 /v ? IalK(cE^J^n,fcSV 
y y y >?[HlS&^#ir v-y— l0cD«[lllllSr^i"o #SV^T- 
A-D^^tpfli^^/i«:fAP^i- 5fc^ic, sv*^-ttS« 

5 e ^SV^A-DliS^ LStMSW^WtSo SV^^ 
45i 9<-E?UStu-5. D®T\ ir>-^$n5^#i4^: 



(3) 
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[0 0 10] -feVlJ— lOtt^l, l£ 2 OSViSf^A. BR 
^y — K20, 22^648 Jg 1 y h Oi^ !> - Ktt 
5 0 ^iffilS (Hi^-f) ^A^y — K20&t/22<^BB 
^B, D^^t-^tU^fi^fc^y- K24. 262)> 

[0 0 1 1 ] -fe^U— 10<D»fmJ^ft*SV*^£«j« 

SV5R^Bfie**SSH»ttS36, #«tt^^<— *»37 % fc" 
>ih#>3£fl£t£/B39, XtfBSf 5#lrE«>Jl39«rtrvjha«) 

i-SS3*«tt*41«r'S-tf 0 -fe^-J— 10<D&ft<D»fo&SV 

^fate, ft^^j^sv^^B ^^ ia^B36 jcoi2X, ^ 

Vih*frJg39 tCQ^T ^ffl38^^£fr T^5 £ 5 IP ±0) 

iHwic^ffi-^^f^tt^n^o sv^^-B 

^B jCOklTsAi^ fc°>Jt&JS390f&ffc«l38£ % fll 
J^^Sf+AD £ tlfcV > t # ^ 3 ft &B360£JJ^^fb«32 

«^s^5)iaa:«io*fb*:3piea«:«-etiofc, 0^ 
[ooi 2] sv*^A—D*s*a*«±jc:|BflF^»j*S 

Vout = Vin x RC/(RA + 
[0 0 16] roSi^RA, RB, RC\ RD(OfI^^A"f-5 

[£SU] 

Vout = - Vin x (AR/2Ro) x H/Hk(eff) (4) 
[0017] 5£(4) (C^-T ± 5 IC, tyf- 10CD®j±U 



5<DT\ tvt- lO^^y yyBBttillfy-h^StJt 
26^WojS»ffi^«ffVout dMRtooicfcS J: 
£ix5 0 -fevf— lOdSift— *«#H^* fe*ix5t, fcT 

I5U #sv*^A-DO«tt^*<b-*-5. Bilc«i-J: 

^*SL»cSli:4*rtlK:*>5ril»«>«« (BP*>, 
[0 0 13] 0 2JiW-Jra$ix5«I^H^«"t-5^— ^sv 

If^^^V^^tc m^SS^y- K24&tf26 
V^^^L^^R^r^-e^tttV^V^b^V^ ftufEHeim 

(nt&fcx-h v . Hk(eff) tesvm+nm&itemfi&mftx 

[*frl] 

RA - RD - Ro + AR/2 x H/Hk(eff) (1) 
[0 0 14] ^ ifBMC^i^J: 5 ^ 

EO«#HO*|fiiHl^ii5*^|:ta"efc5o SV*^ 
BWC© t 0 >ih^il^SV^^ARl^D£Ot: 0 >lh^ji £ 

mWrt\z.W.frftZ><ox% f+Jo*nfc«JWc»i-5 u-*# 

[»2] 

RB = RC = Ro - AR/2 x H/Hk(eff) (2) 

[0 0 15] >^y $/ ^Wouti^^sK^^ttJfc^J: o 
5 0 r<^^T% Vinf^A^ffi^-y- K20Rt*22(DWHctt 

[S3] 

- Vin x RD/ (RB + RD) (3) 

[0 0 18] Hk(eff)te, ft^LOW-frtCil^^tcBB 

T2-5 Oe <7)teffl!^(0@*a)MSfr^)S*rttRtJCJf^ 

[^C5] Hk (shape) - 4 * Ms (t/W) (5) 

[0 0 19] ttk{eff)\1tA£kfc]&Tim^m^m^£Z>^ 



(4) 



#1*^301 7061 



5 0 50AcDj?$CONi-Fe (Olft^SWi^ Hk(shape) 

3.3 5 t p V<7)SVfff^--ei3:15 Oet&5. H 
k (off) ft, ffllOS * n ><OSV*^TIilO Oetfo^ * 
LT<63. 3 * * o >COSV^^-T*li20 OeTfc5 0 
[0 0 2 01 6%GDAR/R, lS^-AOv'— Mfifiu 3.3 
^ ? nx^iplWRU^SOO S * p :/<7)fi£ LSr^TfSSV 
aS^Srffll^T, ttiD^n/c^H^ -Hk(eff)j&»*> +H 
k(eff)tcJS5l-T^is «JMz>if--ia«LMti36 ar—J>>1t 

«K«flEVinJ&*5 V<Oi§-g\ ~*U* -150 
mV +150 mV 4 r*0®ffiF^tCfe — ffi 

LTlg|3tC^$tv5o 20 OeOHk(eff) t 5 V 
OVinTtt, r*U*7.5 mV/Oe <D 
5 0 w^fEte^£^rffflg<E>AMR i?>"i>— <7)1. 5 mV/Oe 

[0021] ^jjnM&jzmfcmMt L,x&m&titcm 

[0 0 2 2] EU&O'HSteSV^!; y S?«#*-fc 10 
(OA»ftj|16«S:*-r o B4I4->!I = v(Si)S«50±^ 

i- Q El5JiS«50±<7>rnb^>Ji^-?rix j eixco*'[6iSrW 

[0 0 2 3] U5T% *4Wl-^y^rS5idsSiStS*c^ 

Tm5l-k\ZMJ&£frti&. '<y K52. 54. 56&tf58<7>^ 

2, 56rt-tiX-e*tSV3f5^AJtt^B. SVSS^CXtfD Srffi 
Z&ScU -fer^i^— lOCOA^fffi^-y — K20, 22&ffi?L 

5 0 ^ffift^y K54. ssntn^tisvm^ARrjc. SV 
**BRtfD*r*BE8H*U iz ^-lO^ffl^ffi^ V - 
K24. 26^ii^5o *LT|6»Ji60W:a|C*«:^5/ K52, 
54, 56. 58Xt/SV*^^±^^$tt5e 
COSV^^-[§^e70^^^|$60(7)±(C/N 0 ^ — ^ft^tX^o 

■60^fcSfc»««W^*i*ixe>i:SS«t$ix<cv\ ^J* 
L/cir 10^»j^4 J ^SV^^-@^70(^^-r LtK 

fELftV^ -feViJ— lO^Sif^^^sV^^-^evjh^e 

[0 0 2 4] io*Bi^-r5^o-fe^liSI6(cj: 
«9lft0J-T5 o H6ttBl4^WfB5X-X(cJ:!9S^ixfc»fffi 

T^o J: ^1000—2000 A <om£<D*s<y? V ^SlzX 9 Si 



SlfiSOtdT A" ^ -T (A1 2 0 3 ) <7V< ^77 Jl5lJ&*tt* $ fi 
5o '< * y T H51<7> g WttSiS«50^««t»*l6»JB £ 

r«5i«cjgj*SixS. E6l£teSV*^ARtfBri^£ix 

[0 0 2 5] 0 7— HI 0{::<fc9. ASW*SV*^-BW 
Sif^(-ov^rift^-r5o 50A<7)J9$o^ y^;u(Ta)OT 
JB55dS/< y y r msUCttmZtlZo 12 7 (c^-T J: 9 fc, 

SV5R^-rt<D g **5Sa-|tS-C*> 9 > "Ct *ltfNi 8 oFe 20 a> 
e>Ni 85 Fe 15 *-e<Oifi^«Sia<^Ni-Fe T*«J& £*bJLoiO— 

100A ofjtfcs: fctfB4U\ Wv^BMi&JR* 

T^JB4lXt^Ta^V y"^B44*S»aitS36W±^f+»$ 
tX^o ^2 0^^39^t 0 >-il:^®{C^i9. -t LTS 
39tNi-Fe "ClO—lOOA <D&£lZj&J$L£inZ>o 
A * ^-U-B37tt-e # tttf «B (Cu) X*mi& S lllof S 20 

-e#iitfififfl4KM«tt«-*4. m^m-^>tf> (Fe- 
rn) X&^vy^-^^tf^ (Ni-Mn) T*«fi5c^^, -t L 

[0 0 2 6] i7~|D 1 0(il«ia**ixTV^3feVMtiXif 

U^t°>±«>5fiatt*39<0#-<rfi, -ttt^efix, 
fF»5,34l f 26i *HItl-«Sii«:J: Cu^-<— +> 

S37{C»«1-SCoO»W (*£5-15A)K.tfNi-Fe 

R (15*10-100 A) *m&-tZ>o rixttJ:f9*#VNAR/ 
R^^tH^mm^r^i*i-5o 113 0^— ^fiSulESV^ 

[0 0 2 7] »«14JB36Ji. ^SBd^M-iDSix^cffi* 
(ilC^J^cBM «^« : UT^:<7>«{btt32dSg 

+4^39(i. Klk$ft380^cBiT^-rJ: 51:, ft»**lRl^ 

[0 0 2 8] *LTffl>«r(75*^JgOSV*^-A — DSrft* 
*U ^UTil36, 37, 39. 415.^44^, ^hl/y^ht 

5 0 ^^cfc^ic, i7-di Ol^svi^, CT^(i[H6£7) 
ASM*sv*-?-BS:^fiS;-r5*ffi«:*1"« W^fyT' 

[0 0 2 9] IEl 8 "C. »ffifls:^y K. ^Jx(^(l§l9cO)/N e 
y K54, 56Sr?gfi5ci-Sfc«>t-. SVSf^±T-* h l^v 1 ^ h 



(5) 
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B57i LTft-if £tU Jtt^TTa/Au/Tad5ft*$tt5o * 

[0 0 3 0] 17 — ID 1 0 tC^ftfcftSto&SViR^© 
HJfiffJTtt. S**Jl36dStr>Jh»Ji39± 9 *>TS51<D 

TJiBllciEv^SV*^Sr»*"r5wi:t*>9 5 5 e a«» 
j*-ef±s ■39S:tr^Jh«)"rSfc«)^RM«ttJl4lSrTJl 

[0 0 3 1 ] H 6 T\ K54, 52&U^56c£> J: 5 

/<y KttSV*^A~D^T4:WS:»«ti-5**Wfta 

-C#tttfT/U^^(Al 2 0 3 ) O*W^lft»S60^^y K5 
4, 52, 56&tfSVIii^£^£lc;*7^— TSV- h£ b-Cl 
500A<OlPStCf+»S*t5. ^LTHWh^HS 

70&x*%tili& (Au)-efc 9 j.ois j:-t2000AoJ¥$ lew 

(H4&I^I2l5^«gl^-fri sfi ) ^(SfeHIRi LT#f ^tl 
£ Q H3£»70«>*^y — K (0 6^ 

U - K72) ^ff^-r^fc^^±a5^S80^^ibll^S7 

oict?fc^ , titw#^y Koa^y— k dec 

*£jxfc*f-y — K26) Sr»*i"5fcft»c|ft|fcJB80^& 

«M60K:*>ft:9, a*<o*ft-e^<-Yr^»j*six*. 

[0 0 3 2] r*t6<OjHfPa««>5Jcl-, #t°>Jh^ii. 
fb&aKOft*!*] (SV^B^t 0 >-il:^g39^^ktt38) 

[0033] H4&t>*n5-c\ s^m^i^^mti^ii^ 

■ 70J-fcSy— K72, 74^rilLT^$ix5 (y— K76. 



LfcS&IM 5 fc°:/lL&jf CDfi&fl^IE LV^^fp]^r^:^5 J: 9 
IZSVm+A, B. C. DO-t*t-P*L*B391, 92, 93, 94 

S^fti^D 1 K*£ftT^5„ SVtgT-±<O@5£g70O 
WtflOS * nyffc^i^ @36S70?rgft^^230 mACD 

mttj&sfci-tus Oe om#Sr*fiKi~^c i^W^)* 

^jL4bJi^Fe-Mn -C$>54&-8\ i^H^W^Ht^ 
SfcWc, ±^V—l0te&£^l60—l80°C\c1}m£fr 
5o r^r^Sfi. BUSH'S tfvjk*Jio«{fc£:*§i;i5«fc 

±@5 e Fe-Mn 60 r. O <fc 9 |C"fe y h £ frtzMSXt 

P^tL^o fc°^±^Ni-Fe Ji«:»«i"5Fe-Mn JBl-£8M£ 
^$tt50T% ^rtL^^^b^^tl^OgaiSFe-Mn R3£ 

in^tijattSM^ ir >-y— ioti?&a*ttSc ?p&<d 

Fe-Mn ssftttttJittis^tti-HjesnfcTtt^BMk 
[0034] mfemrfc<Dm. mmm<o-*&Rx*&&'tz> 

#(IS«. SV*^-e#5*:»t*:#v^AR/R4:»Sfc«>*c 

[0 0 3 5] @*S70SrSStt^m»ftf^SV^tCftAD$n 

X% I timA^{4T*fe «9 s Wf ^ ^ n V ^fiCCO^ff 

[»6] Ht = 2 7u I /Wf (6) 

[0 0 3 6 ] HtOfiSJi. SViR^^R^aSJ: 9 fc 



(6) 
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< fcfc2Hk(eff)-C**-tntf4 64V\ Hk(eff)liJK« 

i?<DTE^&W.&t>^*&Urt'Z>1t$>\Zt$Z~-\ OHk 
(eff)OfiiHrt<DHt <DW.&m^htltZltt£t>t£l<\ HI 

7 Hk(eff)d5fflV^bttfco 

VmmZtl, *(Di&m&±9l--t~Z>o Fe-Mn it&tik'^T 
XJSk ITfflV^fl^i^ rtDrUgte— ft£[C160-180 

*5j:*r240 < Co»J£tfi££:*1-S0>-c\ t'vjh^Sogf 
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